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Introduction

Invasive Meningococcal Disease (IMD) is a serious bacterial 
infection caused by Neisseria meningitidis. While in industrial-
ized countries the disease is now considered rare, it may be more 
common but under ascertained in non-industrialized developing 
regions of the world, with the African Meningitis belt in sub-
Saharan Africa particularly affected by regular large epidem-
ics. Asymptomatic carriage of the bacteria is harmless, but in a 
small proportion of colonized persons bacteria invade the blood 
stream and cross the blood-brain barrier, causing meningitis and/
or septicemia. The risk of infection is dependent on the balance 
of the virulence of the strain and the host’s immune response, 
and on various environmental factors. Crowded living conditions 
(such as a dormitory) and close contact with an infected person 
facilitate the transmission of bacteria and acquisition of disease. 
Recent upper respiratory tract infections, and active and passive 
smoking also increase the risk of disease. Invasive meningococcal 
disease is particularly dangerous because of its short incubation 
period (about 3 to 4 d, with a range of 2 to 10 d), nonspecific early 
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The epidemiology of Invasive Meningococcal Disease (IMD) is 
distinct in the United States and Canada compared with other 
countries. This review describes the incidence, mortality and 
vaccination strategies relevant to IMD in these countries over 
the past 65 y. The incidence of IMD has remained consistently 
low in both countries during this period. Serogroup B and 
serogroup C have been the most prominent disease-causing 
serogroups. Notably, serogroup Y has recently become an 
important cause of IMD in the USA, but has not been as 
prominent in Canada. Periodic rises in incidence have been 
characterized by local outbreaks that have raised public 
concern, especially those caused by serogroup C in Canada, 
and serogroup B in the USA. Case fatality rates have remained 
consistent at around 10–20%, but vary by age and serogroup. 
Recent outbreaks have led to the introduction of vaccination 
programs for both outbreak control and routine immunization.
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symptoms, fast rate of clinical progression and the potential for 
long-term sequelae, including deafness, seizures, skin scarring and 
amputation.1-3

Transmission of bacteria occurs by direct oral contact or 
through droplets of upper respiratory tract secretions from colo-
nized persons. Asymptomatic carriage is relatively common, and 
in most people carriage is an immunizing process. Globally, the 
approximate population carriage prevalence is estimated to be 
10%, although this varies with age and is associated with a peak 
in early adulthood.4 However, although the prevalence of popula-
tion carriage has been studied relatively extensively in European 
populations, there are comparatively few carriage data available 
from North America.4,5

Neisseria meningitidis is categorized into serogroups according 
to the structure of the capsular polysaccharide. Five serogroups—
A, B, C, Y and W-135—account for almost all the disease in the 
USA and Canada, although at least 13 serogroups exist world-
wide.6 Therefore, these five serogroups are the main focus of 
North American vaccine research and deployment. Currently 
licensed vaccines provide protection against serogroups A, C, 
W-135 and Y with monovalent serogroup C, and quadrivalent 
(A+C+Y+W135 serogroups) conjugate vaccines available. Recently, 
a combined Haemophilus influenzae type b and Neisseria meningit-
idis serogroups C and Y has also been licensed in the USA. There 
are no licensed vaccines currently available in North America that 
provide broad protection against serogroup B disease although 
candidates are now entering the late stages of development.7

The current epidemiology of IMD and the serogroups respon-
sible for causing disease vary both globally and within North 
America.8-12 Recent reviews of epidemiology focus on more con-
temporary data. However, the objective of the current review is 
to capture the changes over time in serogroup distribution, inci-
dence, mortality and vaccination coverage relating to IMD in the 
USA and Canada during the last half century. These data provide 
a more detailed picture of the long-term history and fluctuating 
nature of the meningococcal disease epidemiology.

Results

Disease surveillance and trends in overall incidence. The 
majority of data concerning the incidence of IMD was obtained 
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of serogroup C outbreaks at the end of the 20th century.22,23 
However, the cause for the observed drop in IMD incidence in 
the USA, which predates the routine use of quadrivalent vaccine, 
is uncertain. Current expert opinion suggests that the reduction 
in IMD incidence may be due to population immunity to the 
currently circulating strains of Neisseria meningitidis, changes 
in the prevalence of behavioral risk factors such as smoking and 
crowding, or other unknown variables, in addition to the impact 
of vaccination programs employed.20 However, alternatively this 
longer term decrease in IMD incidence observed may also reflect 
a natural trend in the epidemiology of the disease.

Serogroup fluctuation with time. 1945–1979. Both the USA 
and Canada experienced an epidemic of serogroup A disease dur-
ing the 2nd World War.18,24

Following this epidemic, serogroup B became the primary 
strain responsible for the majority of IMD cases in the USA.25 
This dominance was short-lived as serogroup C replaced sero-
group B as the most frequent cause of the disease in the USA at 
the end of the 1960s. During the early 1970s, serogroup Y grew 
in importance as a major cause of IMD, with this strain account-
ing for 18% of all cases from 1973 to 1975.26 Similarly, the pro-
portion of disease caused by serogroup W-135 increased in the 
USA from < 3% during 1964–1976 to 10% during 1975–1980,27 
paralleling the increase in the annual attack rate from 0.7 per 
100,000 population in 1975 to 1.3 per 100,000 population in 
1980. It is possible that the significant increase in cases of dis-
ease caused by W-135 observed during this period may have been 
inflated by the preferential submission from state health depart-
ment laboratories to the CDC of isolates where serogroup could 
not be confirmed with more readily available antisera. However, 
it is also feasible that many of the isolates classified as nongroup-
able by the state health department laboratories may actually 

from government surveillance programs. Surveillance for IMD 
has been conducted in Canada since 1924.13 Active surveillance 
has been performed in the USA through the ABCs, established 
in 1995, which has routinely reported surveillance data since 
1997.14 Comprehensive data concerning IMD epidemiology are 
only widely available for the period from 1970 onwards; there 
are relatively few data available prior to this period describing 
the epidemiology in the USA or Canada during the mid-20th 
century (1940s–1970s).

Overall, the incidence of IMD in the USA remained relatively 
stable during the second half of the twentieth century (incidence 
rates 0.5–1.8 cases per 100,000 population).15-17 No major dis-
ease epidemics (substantially increased incidence across a large 
region or country) were reported during this period, although 
state-wide and localized outbreaks were observed. In contrast, 
surveillance data indicate that the incidence of IMD in the USA 
declined sharply during the early 21st century and has remained 
low (falling from 0.8 cases per 100,000 population (2,200 esti-
mated cases) in 2000 to 0.28 cases per 100,000 population (850 
estimated cases in 2009)14 (Fig. 1).

As observed in the USA, the incidence of IMD in Canada 
remained relatively stable following the end of an epidemic dur-
ing the 2nd World War period (at around 1.5 cases per 100,000 
population).18,19 Since 1945, incidence peaked at slightly higher 
rates (2 cases per 100,000 population) in Canada than in the 
USA. Incidence has also been observed to decline in Canada as 
well as the USA since 2000;20,21 from a peak incidence of 1.2 per 
100,000 in 2001 the incidence rates of IMD in Canada fell to 
0.66 per 100,000 in 2006.

The recent decline in IMD incidence within Canada is at 
least partly attributable to the mass vaccination campaigns fol-
lowed by routine immunization programs initiated after a series 

Figure 1. The recent decline in incidence of IMD in the US and Canada.13,14,16,18,22,29 Footnote: The introduction of routine vaccination programs are 
indicated by the dashed vertical lines; however, some provinces in Canada introduced routine vaccination after 2002.
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at this time (Fig. 2). Similarly, during the 1980s serogroup C 
rose to become a frequent cause of disease in Canada alongside 
serogroup B, with the proportion of IMD caused by other sero-
groups falling over this period (Fig. 3). The proportion of disease 
caused by serogroup C rose from 12% in 1979–1982 to 26% in 
1983–1987 (overall rate of disease in 1987 estimated at 1.2 cases 
per 100,000 population)18,28,30 and corresponded with the emer-
gence of the virulent ET-15 strain in Canada which represents a 
subset within the ST-11 complex.19,30

During the 1990s, serogroup B and serogroup C continued 
to be the most common cause of disease in the USA (32% and 
35% respectively from 1992–1996; an estimated 2,454 cases 
of IMD occurred annually in the USA during this period).16 
Notably, much of the serogroup B disease was associated with 
a strain belonging to the ET-5 (ST-32) complex which spread in 
the USA.31 However, serogroup Y IMD increased significantly in 
prevalence from 2% during 1989 through 1991 (of the annual 
2,600 estimate cases of IMD) to 37% during 1997 through 2002 
(annual estimated case of IMD vary during this period from 
2,800 cases in 1997 to 2,200 cases in 2000 and 1,450 cases in 
2002).32 An ST-23 clone of serogroup Y accounted for much of 
serogroup Y disease at this time in both Canada and the USA.33,34 
During the 1990s in Canada, the incidence of both serogroup B 
and serogroup C disease fell (from ~0.4 per 100,000 population 
and 0.65 per 100,000 population respectively in 1993, to ~0.2 
per 100,000 population and 0.1 per 100,000 population respec-
tively in 1998) but remained the two most frequently observed 
causes of IMD.21 By the end of the 1990s, serogroup C incidence 
had risen once again (to ~0.4 per 100,000 population in 2000; 
overall rate of disease was 0.78 per 100,000 in 2000), with the 

have been group W135, supporting an increase in prevalence of 
W135 disease during this period.27

In contrast, serogroup A and serogroup C were responsible 
for the majority of disease in Canada during the 1960s and early 
1970s.28 Post 1975, serogroup B became the dominant serogroup 
(accounting for about half of the infections from 1979 to 1982, 
when rate of IMD reached 0.8 cases per 100,000 population) 
in Canada although serogroup C (12% of isolates) remained an 
important cause of disease.28 The dominance of serogroup B and 
serogroup C by the end of the 1970s was similar to the concurrent 
situation in the USA. However, while serogroup W-135 was not 
reported as a significant cause of disease in the USA during this 
period, it was an important cause of IMD in Canada; account-
ing for 13% of isolates from 1979–1982.28 Similarly, while sero-
group Y had emerged as an important cause of IMD in the USA, 
in Canada serogroup Y accounted for only 2% of isolates from 
1979–1982.28

1980s–1990s. By the 1980s, serogroup A had all but disap-
peared from North America, with serogroup B and serogroup 
C the dominant causes of disease in the USA.17,29 Surveillance 
data reported at this time demonstrate that serogroup B (47.9%) 
and serogroup C (26.2%) were the most frequent causes of IMD 
from 1978 to 1981, although serogroup Y continued to account 
for a significant minority of cases (6.6%).17 While serogroup B 
continued to remain important, the proportion of disease caused 
by serogroup C subsequently increased dramatically during the 
1980s, and was accounting for almost half (~45%) of observed 
IMD by the late 1980s and early 1990s (between 1989 and 1991, 
an estimated 2,600 cases of MD occurred annually in the USA).29 
Other serogroups were only responsible for a minority of disease 

Figure 2. Fluctuations over time in the proportion of IMD attributed to different serogroups in the US.14,16,17,25,29 Footnote: Minor serogroups (sero-
groups other than serogroups B, C and Y) are grouped; there is a gap in the data available concerning these minor serogroups prior to 1997.
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important role in subsequent mortality with septicemia a more 
common cause of mortality than meningitis. Although meningi-
tis and sepsis accounted for a similar number of inpatient cases in 
a USA hospital study, 71% of inpatient deaths from meningococ-
cal disease were associated with sepsis.41

Differences in CFR have been noted by serogroup and by par-
ticular disease clones. In the USA, serogroup C and serogroup 
W-135 have been associated with higher CFR than other sero-
groups, with CFRs of ~15%–20% compared with a CFR of ~10% 
for serogroup B and serogroup Y infections.11,16 Similarly, sero-
group C is associated with a higher CFR (15%–20%) than other 
major serogroups in Canada.21,22 The ST-11 clone of Neisseria 
meningitidis has been identified as particularly lethal, although 
the increased CFR identified may be an artifact of improved 
reporting of this clone following its emergence.19

Burden of disease by age-group. The distribution of IMD by 
age is similar in both the USA and Canada. By far the highest 
incidence of disease occurs in young infants11,13,16,42 (Fig. 4) but 
incidence of IMD is also high in young children aged between 
1–4 y of age. A second, smaller incidence peak occurs in ado-
lescents aged between 10 y and 19 y. In particular, an increased 
incidence of disease in adolescents occurred in Canada during 
a period of serogroup C outbreaks at the beginning of the 21st 
century.13

Serogroup B infection is proportionally more common in 
infants than other meningococcal serogroups (Fig. 5). In the 
USA, serogroup B is responsible for over 50% of cases in infants 
aged < 2 y.11 Similarly, serogroup B is responsible for the major-
ity of IMD in those aged under 5 y in Canada.19,43 In older 
children, adolescents and young adults, serogroup C is propor-
tionally more frequent.14,16,43 The median age of serogroup C 
infection is 15–20 y in both Canada and the USA.16,43 In con-
trast, serogroup Y is proportionally more frequent in adults aged 

ST-11 complex again responsible for the majority of serogroup 
C IMD.35 However, the incidence of serogroup Y remained rela-
tively low (~10% of cases) in Canada over this period, in con-
trast to the dramatic rise seen in the USA during the 1990s.30 
Serogroup A and serogroup W-135 only accounted for a minority 
of disease (< 5%) in both countries during this time.29,30

2000 onwards. The fall in incidence of IMD in the 21st cen-
tury in the USA was observed across all serogroups.14 Currently, 
the incidence of serogroup A and serogroup W-135 IMD remains 
very low in the USA with serogroup B, serogroup Y and serogroup 
C most commonly observed and accounting for the majority of 
disease.14,36 Incidence of serogroups B, C and Y disease is very 
similar with each causing ~0.1 cases per 100,000 population, 
and each accounting for around one third of the IMD burden in 
2009. Serogroup W-135 has remained a very small contributor 
to meningococcal disease in the USA where it is more frequently 
associated with foreign travel and less often associated with out-
breaks than other serogroups.37 In Canada, a series of serogroup 
C outbreaks at the beginning of the 21st century led to serogroup 
C becoming the dominant serogroup observed. However, the 
incidence of serogroup C disease has since fallen in Canada fol-
lowing the introduction of a mass vaccination program, whereas 
the incidence of other serogroups has not declined so dramati-
cally. Serogroup C disease (21% of cases), serogroup B (54% of 
cases) and serogroup Y (13% of cases) were responsible for the 
majority of disease in Canada in 2006.38

Mortality. The case fatality ratio (CFR) of IMD has remained 
consistent over time during the post-antibiotic era in the USA, 
and typically this has been ~10%.14,16,39,40 In Canada, the CFR 
fell from 28% prior to the 1970s, to 16% across the 1970s and 
down to approximately 10% throughout the latter 20th century 
and early 21st century.18,19,22 This fall in CFR has been attributed 
to an improvement in critical care.18 Disease presentation has an 

Figure 3. Fluctuations over time in the proportion of IMD attributed to different serogroups in Canada.22,30
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total IMD burden; for example, in the US meningococcal out-
breaks account for less than 5% of reported cases.32 The major-
ity of IMD outbreaks in the USA and Canada over the past 20 
y have been associated with serogroup C, specifically the ST-11 
clone.35,44,45 Outbreaks associated with other serogroups occur less 
frequently. Serogroup A outbreaks are considered historical and 
confined to reports from the 1970s among USA deprived “skid 
row” communities.46 A small proportion of more recent USA out-
breaks are due to serogroup Y (13% of cases from 1994–2002).44

The emergence of the serogroup C ST-11 clone was associated 
with an increase in localized outbreaks (1989–1993) in Canada.47 
Outbreaks of serogroup C disease remained common at the end 
of the 20th century; between 1999 and 2001, 8 were reported 
in Canada.48 An increasing frequency of serogroup C outbreaks 
was also recognized in the 1990s in the USA; a review of data 
on all known serogroup C outbreaks in the USA concerning the 
period 1980–1993 identified 21 outbreaks, of which 8 occurred 
between January 1992 and June 1993.45 Serogroup C continued 
to be the most common cause of outbreaks in the USA during 
the period 1994–2002 with a further review identifying 43 sero-
group C outbreaks (62% of all outbreaks) which occurred in the 
USA during this period.44

Serogroup C outbreaks are often associated with schools or 
higher education centers, and as such older children, adolescents 
and young adult populations may be particularly affected.45 
However, outbreaks can also affect other age groups; a particu-
larly large serogroup C outbreak (61 cases) occurred in Alberta 
Canada in 1999–2001, with an ET-15 serotype 2a strain belong-
ing to the ST-11 complex responsible.49 The highest incidence 
(37 cases per 100,000 population) was observed in those aged 
< 1 y, but incidence was also high in the 15–24 y olds (26.8 per 

> 65 y in the USA (Fig. 5) and Canada, accounting for over 
50% of IMD in this age group.11,43 However, despite a majority 
of cases of serogroup C and Y disease affecting adolescents and 
older persons in the USA, both these serogroups still cause a sig-
nificant number of cases of disease in the youngest age groups; 
7.6% of serogroup C and 13.8% of serogroup Y cases occur in 
infants aged < 2 y.11

Recent USA data indicate that the observed CFR of 6% among 
infants aged < 1 y is lower than the CFR observed for older chil-
dren, adolescents and adults.11 In contrast, CFR has been con-
sistently high in elderly age groups (age > 65 y), with the most 
recent USA estimates reporting it at over 20%.11,18 (Fig. 5) CFR 
was highest among cases caused by serogroup W-135 (16.3%), 
and serogroup Y caused most of the meningococcal pneumonia 
in older adults (median age 53 y), though it causes disease in all 
ages. Patients with meningococcal bacteremia and pneumonia 
were more likely to die than those with meningococcal meningi-
tis (CFR 13.2% and 15.9% respectively). While there is a clear 
trend of CFR increasing with age, multivariable analyses do not 
support an association with serogroup, isolate source or race.11 
Reasons for the observed increased CFR in older age groups are 
yet to be determined and remain speculative.9,16

Outbreaks. Most cases of meningococcal disease occur as iso-
lated cases. However, occasionally outbreaks of IMD can occur 
within communities or institutions or across localized regions, 
where transmission of the virulent agent leads to an increased 
frequency of cases and may not always reflect the serogroup dis-
tribution of endemic IMD. While these outbreaks are important 
due to the particularly serious sequelae and rapid onset of menin-
gococcal disease, they tend to involve relatively small numbers 
of cases and generally cause a relatively minor proportion of the 

Figure 4. Incidence of IMD by age group in Canada.13 Footnote: The introduction of routine vaccination programs is indicated by the dashed vertical 
lines; however, some provinces introduced routine vaccination after 2002.
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poorly immunogenic among those aged under 2 y whereas conju-
gate vaccines are appropriate for use in this age group.55,56

The target groups for vaccination have often been school chil-
dren and/or undergraduate students, since schools and colleges 
are frequently sites of IMD outbreaks. Of the USA serogroup C 
outbreaks described by Jackson and colleagues in 1995, 19 of 21 
outbreaks identified were targeted with a vaccination response.45 
Of these, additional cases occurred post-vaccination in only 5 
outbreaks suggesting vaccination was successful in controlling 
the outbreak. Similarly, vaccination was considered an effec-
tive response to outbreaks in Canada; in Quebec the incidence 
of serogroup C decreased markedly after a mass immunization 
campaign with polysaccharide vaccine (incidence decreased from 
1.4 cases per 100,000 population in 1990–1992 to 0.3 cases per 
100,000 population during 1993–1998).57 In response to the 
serogroup C outbreak of 1999–2001 in Alberta, a polysaccha-
ride quadrivalent vaccine was estimated to be 84% effective.49 An 
emerging serogroup C epidemic in Quebec commencing in 2001 
was controlled by use mostly of serogroup C conjugate vaccine;58 
vaccine effectiveness was estimated at 96.8%. In the age-group 
targeted, the incidence dropped from 2.1 cases per 100,000 pop-
ulation in 2001 to 0.3 cases per 100,000 population in 2002.

Both the USA and Canada have implemented routine vac-
cination in the 21st century, though they employ different 
strategies. In the USA in June 2005, the Advisory Committee 
on Immunization Practices (ACIP) recommended the newly 
licensed quadrivalent meningococcal conjugate vaccine for rou-
tine use among all those aged 11 y; this was updated in 2007 
to include the 11–18 y age-group as part of a catch up vaccina-
tion campaign.53,56 More recently in 2010, ACIP recommended a 
booster dose (at age 16 y) given to those vaccinated originally at 
age 11 y.54 Based on data indicating that immunity waned after 

100,000 population in those aged 15–19 y and 8.0 per 100,000 
population in those aged 20–24 y).

There have also been reports of serogroup B outbreaks in the 
USA since the 1990s with 17 occurring (25% of all outbreaks) 
between 1994 and 2002.44 Similar to serogroup C outbreaks, 
serogroup B outbreaks may be related to emergence of a particu-
lar meningococcal clone, and may affect particular age groups. 
In 1994 the incidence of IMD in Oregon increased to four times 
the national rate (4.5 cases per 100,000 population), primarily 
due to a significant rise in serogroup B disease associated with 
a clonal group of ET-5 strains that are part of the ST-32 com-
plex.31,50 Outbreaks of serogroup B IMD in school and commu-
nity clusters within Washington and the surrounding states were 
observed during 1995 and 1996, with the incidence among 15–19 
y olds increasing 13-fold from the pre-epidemic period.50 A sero-
group B outbreak caused by a different strain was also reported 
in 2006 in Quebec, Canada, with an incidence of 0.74 cases per 
100,000 population observed compared with the national aver-
age of 0.34 cases per 100,000 population.38 This outbreak partic-
ularly affected adolescents and young adults (45% of cases were 
aged 10–19 y, 26% of cases aged 20–39 y), with strain B:17:P1.19 
ST-269 considered responsible.51

The use of vaccination. Vaccination became available for 
combating IMD outbreaks in both the USA and Canada in the 
early 1980s and 1990s.35,45 Initially, only polysaccharide vaccines 
were available but these have now been superseded by conjugate 
vaccines. However, they may still retain a useful role for con-
trolling IMD outbreaks.35,52 A primary advantage of conjugate 
vaccines relates to the longer duration of protection provided; 
protection generated by polysaccharide vaccines is more transient 
and so these are not as suitable for use in routine vaccination pro-
grams.47,53,54 Additionally, polysaccharide vaccines are considered 

Figure 5. IMD case fatality rate and serogroup specific incidence in different age groups in the USA.11
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mo of life followed by a booster dose during an infant’s second 
year.63 Canada employs a single conjugate serogroup C vaccine as 
serogroup C was causing the majority of observed disease in 2001 
when routine vaccination was being considered (Fig. 4).63 More 
recent recommendations allow for the consideration of quadriva-
lent vaccine use in Canada as well.64 In some provinces (depend-
ing on the prevalence of serogroup A, serogroup Y and serogroup 
W-135) these are recommended over monovalent serogroup C 
vaccine for catch up in older children and adolescents.

The coverage of universal vaccination programs has also 
increased year by year in Canada across the country.22,65 Incidence 
of serogroup C disease decreased significantly following vaccina-
tion from 0.23 cases per 100,000 population in 2002 to 0.08 
cases per 100,000 population in 2006.22 Between 2002 and 
2006, there was a decrease in serogroup C incidence in provinces 
adopting the universal vaccination program early (in 2002) but 
not in those provinces adopting universal vaccination programs 
later (2005). Bettinger and colleagues also reported that the inci-
dence of serogroups B and Y (which were not included in the 
vaccination program and may therefore be viewed as reflecting 
natural trends in disease incidence) remained stable in Canada 
over this study period. Together these points indicate an effect 
of the universal vaccination program in reducing serogroup C 
disease.22,23

There is also evidence that the routine vaccination approach 
employed in Canada generated some herd protection. The inci-
dence of serogroup C infection significantly decreased in adults 
older than 30 y of age in early adopting provinces, but did not 
decrease in adults resident in later adopting provinces. It is 
unlikely that adults would have been vaccinated as part of the 
program, but instead indirectly benefited from the vaccination 
provided to younger residents in the population.22 Incidence has 
also been shown to decrease in other poorly or non-vaccinated 
cohorts (those aged over 17 y) which may be attributed to herd 
protection.23 Further evidence for herd protection may be forth-
coming in the longer-term, through continued surveillance and 
monitoring of incidence in age groups not targeted by vaccina-
tion in both Canada and the USA. However, while the strongest 
evidence for indirect protection is an observed concurrent reduc-
tion in cases of disease in age groups not targeted by vaccination, 
there is also a need for appropriate carriage data in both these 
countries to demonstrate the ability of the vaccine to reduce car-
riage prevalence in those age groups most likely to be asymptom-
atic carriers, illustrating a reduction in transmission and support 
a herd protection effect.

Methods

This literature review targeted citations describing the epide-
miology (incidence or mortality rate), of meningococcal dis-
ease and meningococcal vaccination coverage in the USA and 
Canada during the period 1945 to 2010. Index term and key-
word searches were conducted in major literature databases 
and online sources (in particular national health agencies). 
Bibliographies of included studies were also screened for rel-
evant references.

5 y instead of 10 y as was originally assumed, a booster dose was 
recommended in order to provide immunity across the whole of 
adolescence, as was the original goal of the program. The USA 
approach of routinely vaccinating adolescents is intended to 
provide direct protection for those age groups particularly asso-
ciated with outbreaks and where, in terms of total numbers of 
cases, the burden of meningococcal disease is also considered 
high. Since the advent of conjugate vaccines, a quadrivalent  
ACYW-135 conjugate vaccine has been preferred for routine use 
to confer the broadest possible protection as serogroup Y in addi-
tion to serogroup C contributes significantly to the disease burden 
in the USA. This strategy does not directly protect the youngest 
age groups where a significant number of cases of disease due 
to serogroups C and Y also occur.11 However, this strategy does 
have the potential to result in indirect protection by generating 
herd protection which may be extended to younger age groups as 
the approach targets an age group where carriage prevalence is 
often characteristically high. There is compelling evidence that 
meningococcal serogroup C conjugate vaccines have the ability 
to reduce carriage and interrupt transmission among populations 
with a high prevalence of carriage (such as adolescents) in indus-
trialized countries and it is anticipated that an ability to protect 
against carriage and thus induce herd protection is likely to be a 
property of all meningococcal conjugate vaccines.4,59 However, 
appropriate evidence to support a high carriage prevalence in 
the USA adolescent population, and demonstrate the subsequent 
generation of any herd protection that benefits the youngest age 
groups as a result of routine vaccination, has yet to become avail-
able in the USA.

Vaccination coverage is increasing in the USA, although no 
conclusive evidence of impact of universal vaccination has been 
published. MCV4 (quadrivalent meningococcal conjugate vac-
cine) coverage in adolescents 13 to 17 y of age increased from 
11.7% in 2006, to 32.4% in 2007, to 41.8% in 2008 and to 
53.6% in 2009.60-62 The most recent vaccine coverage data avail-
able (2010) suggest coverage has subsequently improved to ~62% 
for adolescents who have received at least one dose.62 During 
1998–2007, the rate of IMD decreased among the 11–19 y old 
population, both for serogroups contained in the MCV4 vaccine 
program (started in 2005) and for serogroup B, which is not cov-
ered by the vaccine.11 However, during this period the vaccine 
coverage was low and the timeframe considered may have been 
too short for the drop in incidence to be attributed to vaccination 
with certainty. Probability simulation estimates the vaccine effec-
tiveness at 80%–85%.36 More recent evidence indicates that the 
incidence of IMD in the younger vaccinated population (aged 
11–14 y) has fallen by 74% since introduction of routine vaccina-
tion.54 Nevertheless, a peak of disease persists in the at-risk older 
adolescent age groups; this peak is thought to be due to waning 
immunity after vaccination, and as a result the booster dose was 
recommended for 16 y olds in the USA, as described above.54 
This improvement in vaccine coverage may also improve the like-
lihood that possible indirect protection may become manifest.

In Canada, universal infant serogroup C vaccination pro-
grams were implemented over a period of several years. The cur-
rent recommendation is for an initial dose during the first 12 
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and African Meningitis belt at the beginning of the 21st century, 
and there is also some evidence that it is now becoming more 
frequently observed as a cause of disease in Latin America.66-68 
Therefore it may remain important to continue to consider the 
need to provide protection against W-135 disease.

Strategies used to control meningococcal disease also differ 
between the USA and Canada. In Canada, a particular focus on 
combating serogroup C disease has resulted from the large num-
ber of outbreaks that have occurred in both countries over the 
past 20 y. While both the USA and Canada combated outbreaks 
using targeted vaccination of at-risk populations, more recently 
both countries have initiated universal vaccination programs 
for young people although the precise age groups targeted dif-
fer between the two countries. Additionally, the approach taken 
for universal vaccination has been different in each country, 
reflecting differences in the epidemiology of IMD with respect to 
the prevalence of serogroups responsible, and the availability of 
licensed vaccines (there are no serogroup C monovalent vaccines 
licensed for routine vaccination use in the USA).

Canada has instigated routine vaccination in infants using a 
monovalent serogroup C specific conjugate vaccine. Although 
this has been successful in controlling serogroup C disease with 
some evidence of a herd protection effect that benefits age groups 
not eligible for routine vaccination, it does not provide protec-
tion against disease caused by other serogroups. In contrast the 
USA authorities recommend routine vaccination using a quad-
rivalent conjugate vaccine in adolescent age groups, recently 
reinforced with the addition of a booster dose. This approach 
provides broader serogroup protection, including against those 
rarely causing disease. It also has the potential to maximize any 
herd protection by targeting an age group where carriage preva-
lence is likely to be at its highest. However, the success of this 
vaccination program in reducing the incidence of disease is as yet 
inconclusive, with no evidence currently available to demonstrate 
an impact that can be attributed to either direct or indirect pro-
tection. Furthermore, a decrease in the incidence of IMD started 
prior to the introduction of routine vaccination and has contin-
ued throughout the vaccination period, making the impact of the 
vaccination program difficult to evaluate in the context of other 
changing environmental factors.

Despite this lack of clarity surrounding the absolute impact 
of the adolescent vaccination program, recent long-term data 
presented at the October 2010 ACIP meeting suggested that 
this vaccination program has been beneficial in reducing IMD 
incidence, albeit mainly in younger adolescents. Waning vaccine 
induced immunity is believed to be responsible for the continued 
peak in older adolescents.69 The most recent data indicate that 
vaccine coverage is now improving following the introduction 
of a booster dose for adolescents which may further impact the 
epidemiology of meningococcal disease in the USA as a result 
of both increased direct protection and an increased likelihood 
of indirect protection. However, in both the USA and Canada 
there is a need to generate contemporary carriage data across the 
age range to investigate the extent of any potential herd protec-
tion effects and improve understanding of the epidemiology and 
transmission patterns of the meningococcus in this continent. 

The literature databases Medline and Embase were searched 
using a combined search interface (Embase.com) in order to 
retrieve published data concerning IMD epidemiology. Searches 
were targeted using the following index terms or keyword terms 
to identify citations that reported “epidemiological,” “surveil-
lance,” “incidence,” “prevalence,” “morbidity,” “mortality,” “out-
break” or “fatality” data alongside “meningitis,” “meningococcal 
disease” or “Neisseria meningitidis.” The search was restricted 
to identify citations concerning data from the USA or Canada. 
Reviews and the discussion sections of included studies were 
examined in order to identify further published literature or gray 
literature containing relevant information.

Further searches for information relevant to the study objec-
tive were conducted across sources of published data outside of 
indexed journals. The Public Health Agency of Canada (PHAC) 
website (www.phac-aspc.gc.ca) and the Active Bacterial Core sur-
veillance (ABCs) website of the USA Centers for Disease Control 
and Prevention (CDC) (www.cdc.gov/abcs/index.html) were 
searched using disease/causal agent keywords (e.g., meningococ-
cal) and by following relevant index links in order to identify data 
concerning the epidemiology of IMD in Canada and the USA.

Inclusion in the review was reliant on the presence of inci-
dence, mortality and or vaccination coverage data, for the USA 
and Canada between the time periods of 1945 and 2010 in 
English language publication; sources were excluded from the 
review if these conditions were not met.

Conclusions

Both historically and currently, the epidemiology of IMD in 
the USA and Canada differs. IMD incidence has been steadily 
declining in recent years, but is still important, particularly in 
key age groups such as infants, school children and adolescents. 
The case fatality ratio has remained constant despite the falling 
incidence, with serogroup C a particularly important contributor 
to high mortality. Currently serogroups B and C cause a sub-
stantial proportion of the disease burden in both the USA and 
Canada, having risen to prominence in the mid-20th century. 
However, serogroup Y also now contributes significantly to the 
disease burden in the USA, whereas the burden of disease caused 
by serogroup Y in Canada is considerably smaller. The rise in 
prominence of serogroup Y in the USA took place relatively 
recently (during the latter half of the 1990s) and unexpectedly 
when compared with the long-term continued dominance of 
serogroup B and serogroup C disease. The increase in the preva-
lence of serogroup Y is attributed to the emergence of an ST-23 
clone of serogroup Y which accounts for much of serogroup Y 
IMD in both Canada and the USA.33,34 While the incidence of 
all serogroups has fallen in the USA in recent years, serogroup Y 
continues to be responsible for approximately a third of endemic 
disease cases. In both the USA and Canada, serogroup A was 
a major cause of disease historically, but is now rare. In both 
countries, serogroup W-135 is also rare with the few IMD cases 
currently caused by this serogroup being mainly associated with 
foreign travel.37 However, serogroup W-135 has emerged as an 
important cause of meningococcal disease in the Middle East 
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specific serogroups that currently also cause a burden of disease 
in younger age groups in the USA and Canada.
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Carriage data are also essential to facilitate bespoke mathematical 
modeling to explore the longer-term impact of various vaccina-
tion strategy options in the USA and Canada and would be valu-
able to assist policy makers in both these countries.

Neisseria meningitidis epidemiology has an unpredictable 
nature; new strains can emerge and rise to prominence quickly 
and unexpectedly. This may necessitate periodic reconsideration 
of vaccination strategies and available vaccines to continually 
provide optimal protection against this ever-changing threat to 
public health in North America. At present, the burden of sero-
group B IMD suggests an important role for vaccination against 
serogroup B, for which vaccines are in development (although 
none providing broad protection are currently licensed). In par-
ticular, the high incidence of serogroup B disease in infants makes 
it likely that use of these vaccines will be important to protect this 
youngest age group. However, there may additionally be merit in 
reviewing the need to provide routine protection against other 
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